Objective To determine factors associated with the incidence of adverse events associated with voluntary medical male circumcision (VMMC) for the prevention of HIV infection in Nyanza province, Kenya.
Introduction
Medical male circumcision is the surgical removal of the foreskin of the penis by a trained health professional. The results of three randomized controlled trials (RCTs) have demonstrated that medical male circumcision reduces the incidence of infection with Type 1 human immunodeficiency virus (HIV-1) in heterosexual men by at least one half. [1] [2] [3] As a result, the World Health Organization and the Joint United Nations Programme on HIV/AIDS recommend voluntary medical male circumcision (VMMC) as one component of a comprehensive preventive strategy in regions with low male circumcision rates and a high prevalence of HIV-1 infection and where heterosexual sex is the main mode of transmission. 4 Despite the endorsement of VMMC for the prevention of HIV infection, safety became a concern once mass programmes were implemented in resource-limited settings. In developed countries, adverse events following neonatal circumcision are well documented and their incidence is very low, from 0.2 to 0.6%. 5 Before the RCTs, outcomes in Africa for male circumcision among adults were poorly documented. In a review, 6 adverse event rates
following African male circumcisions ranged from 0 to 24%. The RCTs, which provided services in a clinical trial setting, reported the following adverse event rates: 3.8% in Orange
Farm, South Africa; 1.5% in Kisumu, Kenya; and 3.6% in Rakai, Uganda. 1, 7, 8 Most recently, at the former Orange Farm RCT site, 1.8% of medical male circumcisions offered in one high-volume facility resulted in an adverse event. 9 Historically, intra-and post-operative adverse events have been detected through passive or active surveillance systems. Passive systems rely on providers to report adverse events on a standardized form. Although passive systems have advantages, such as their low cost, they also have limitations in terms of timeliness, completeness and positive predictive value. [10] [11] [12] Active surveillance involves outreach by a provider to identify and report health events. Many believe that active surveillance produces better data than passive systems 11 and is most feasible on a small scale where resources are scarce. 13 Currently, the surveillance of surgical procedures is conducted in developed countries and is primarily passive and restricted to in-patient monitoring of surgical site infections. [14] [15] [16] However, the number of surgical procedures being provided on an out-patient basis in resource-limited settings, such as medical male circumcision, is increasing. This creates the need for new approaches to post-discharge surveillance. 17 To our knowledge, no research has been published to date on clinical outcomes from a large-scale, multi-site VMMC programme in a resource-limited setting. In this study, passive and active surveillance methods were used to monitor factors, including provider characteristics, potentially associated with the incidence of adverse events occurring during and after VMMC procedures provided as part of the national programme for the prevention of HIV infection.
Methods

Study context
The Government of Kenya launched the national VMMC programme in Nyanza province in 
Study design and participants
The study design and recruitment procedures were detailed in a previous paper. 21 In summary, VMMC clients 12 years of age or older in 16 study facilities in Nyanza province, Kenya, were followed between November 2008 and March 2010 to detect any adverse events occurring during the procedure or within the following 45 days.
The study had two surveillance components:
• A passive, clinic-based surveillance system that collected and managed routine intraoperative and post-operative clinical data on participants who sought VMMC services at 16 health facilities in Kisumu East, Kisumu West and Nyando districts in Nyanza province (n = 4010).
• An active surveillance system in which a random subsample of clinic system participants was monitored by research staff 28 to 45 days after circumcision through a homebased, in-depth interview and a genital exam. A target sample size of 1449 was achieved to detect at least a 2.0% difference in the frequency of adverse events between the two systems with an overall type-I error rate of α = 0.05 and 80% power.
Circumcision services provision
All circumcisions were performed at no cost by a trained clinician or nurse who completed a two-to three-week training programme. Clinicians included medical officers and clinical officers with five and three years of medical training, respectively. Training in VMMC involved assisting during at least10 procedures and performing at least 20 procedures under supervision. All clients were encouraged to undergo voluntary HIV testing and counselling, which were available on site. Clients were screened for several comorbidities (urethral discharge, genital ulcers, genital warts, general pallor, chronic wound and arterial hypertension), and those who presented with an acute sexually-transmitted infection (STI)
were treated and asked to return once they completed treatment. Clients were circumcised using the forceps-guided method; local anaesthesia was infiltrated at the base of the penis using dorsal nerve and ring block techniques. The incision site was closed with absorbable sutures using a combination of mattress and simple stitching. 20 At discharge, clients were given written instructions detailing wound care and the 42-day sexual abstinence period.
Clients were scheduled to return to the facility for one follow-up visit seven days after the procedure.
Ethical considerations
The study was approved by the institutional review board of the University of Illinois in 
Data collection and statistical analysis
We monitored several adverse events including pain, swelling, hematoma, bleeding, infection, difficulty urinating, wound disruption, local disfigurement, injury to the glans and "others". Moderate adverse events were defined as those that prevented a participant from performing normal activities and required treatment, such as moderate infection, and severe adverse events as those that were incapacitating and required bed rest or hospitalization, such as severe infection or profuse bleeding. Since pain is often associated with other identifiable adverse events, we report on pain separately (as in the RCTs). The primary outcome was the incidence of a moderate or severe adverse event other than pain that resulted in treatment at a health facility. The duration of the procedure was defined as the time that transpired between the first incision and placement of the last suture.
Data were analysed with SAS version 9.1 (SAS Institute Inc., Cary, USA).
Differences in independent proportions were assessed by means of Pearson's χ 2 . The magnitude of the associations was assessed through logistic regression and characterized by means of odds ratios (ORs), 95% confidence intervals (CIs) and P-values. Unadjusted models explore bivariate associations between a risk factor and the primary outcome. An adjusted model that included age and all marginally significant factors (P < 0.10) from the unadjusted analysis was developed using manual forward selection. All factors included in the adjusted model were assessed for confounding, effect modification and multi-colinearity. Surveillance system results were compared using per cent agreement, the kappa statistic (κ) and
McNemar's Χ 2 for dependent proportions.
Results
Study population
Of the 4288 VMMC clients who were invited to participate in the study, 4010 (93.5%) enrolled as study participants. Participants' median age was 20.0 years (range: 12-78; interquartile range, IQR: 18-24). The majority (95.7%) of participants were Luo (n = 3837);
39.4% completed secondary school (n = 1580); 29.9% were married (n = 1198) and 66.7%
were students/unemployed (n = 2673).
Passive surveillance system
Among the 4010 enrolled participants, 3705 underwent circumcision. Participants who were not circumcised either changed their minds or had comorbidity on physical examination that prevented them from getting circumcised. More than one fourth of all participants (27.5%; n = 1018) presented with at least one comorbidity, the most common one (26.3%; n = 975)
being arterial hypertension, defined as an arterial blood pressure > 120/80 mmHg. All of these participants were circumcised. A few participants presented with an acute STI (0.9%; n = 33) and their circumcision was deferred until they completed treatment.
Of the participants who were circumcised, 1335 (36.1%) were tested for HIV on site: Staff from the Nyanza Reproductive Health Society, a Kenyan implementing organization, provided most procedures and resembled their Government of Kenya staff counterparts in every respect except that their only duty was to provide VMMC services (Table 1) .
Active surveillance system
Of the participants who were randomly selected for the active surveillance system (n = 1449), 92.8% were 18 years of age or older (n = 1344), 39.1% had completed secondary school (n = 567), 31.3% were married (n = 454) and 66.3% were students/unemployed (n = 961).
More than one fourth (28.6%; n = 415) reported engaging in sexual activity before the end of the 42-day abstinence period. In this system, 7.5% of participants reported having received treatment at a health facility for a moderate or severe adverse event (n = 108). Nearly half of the participants returned for at least one follow-up visit (46.7%; n = 677). The reported adverse event rate was 10.0% (n = 677) among the participants who returned for follow-up and 5.2% (n = 772) among those who did not return.
Evaluation of adverse event ascertainment
The clinic surveillance system detected 119 incident adverse events among the 1672 participants who returned for a follow-up visit (25 clients were classified as having more than one adverse event). Infection was the most common (2.2%; n = 37), followed by wound disruption (1.7%; n = 28) and bleeding (1.4%; n = 23). The clinic surveillance system recorded three severe adverse events: one infection, one case of wound disruption and one case of swelling. The clinic system recorded 11 incidents of pain (0.7%), one of them severe.
Participants in the active surveillance system reported 437 adverse events. The most common were swelling (4.3%; n = 62); infection (3.3%; n = 48); bleeding (2.3%; n = 33) and "other" 
Risk factors for adverse events
A total of 167 providers performed between 1 and 302 male circumcisions each in this study population. The mean duration of the procedure and the incidence of adverse events decreased significantly with increased provider experience (Table 3 ).
In the adjusted model for the clinic surveillance system, performance of the procedure by a clinician (adjusted OR, aOR: 0.60; 95% CI: 0.37-0.98) and by someone who had performed more than 100 male circumcisions (aOR: 0.37; 95% CI: 0.17-0.81) were significantly protective against developing an adverse event. In the adjusted model for the active surveillance system, a high dose of anaesthesia was a risk factor (aOR: 2.1; 95% CI: 
Discussion
This study assessed the incidence of adverse events and the factors associated with the risk of such events following medical male circumcisions in 16 health facilities in Nyanza province, Kenya. RCTs have shown that more experienced providers perform faster and safer circumcisions, 8, 22 and our results confirm these findings. In our study, the providers who had performed only 20 male circumcisions under supervision took an average of 21.0 minutes to perform their first 20 procedures; however, providers who had performed more than 100 circumcisions and those who had performed over 200 procedures took an average of 17.6 and 15.5 minutes, respectively. Auvert estimated that trained providers could perform 10 medical male circumcisions per day; 23 however, our results suggest that an experienced provider may be able to perform up to 20 procedures daily (assuming ample client flow). Additionally, the most experienced clinicians recorded an adverse event rate of 0.7% and 4.3% in the clinic and active surveillance systems, respectively. Such rates are equivalent to the low rates observed in the RCTs. Furthermore, providers who had performed at least 100 male circumcisions were 63.0% and 39.0% less likely to perform a procedure resulting in an adverse event than less experienced providers in the clinic and active surveillance systems, respectively. This study lends support to recommendations that providers must perform a minimum of 20 male circumcision procedures to qualify as a VMMC provider, and ideally over 100 procedures to reach and maintain a desired level of clinical expertise. 8, 22 In Kenya, legislation was passed in 2009 to allow nurses to provide VMMC services as part of the national VMMC programme. While adjusting for provider experience reduced the magnitude of the protective effect conferred by having a clinician rather than a nurse perform the circumcision, in the clinic system a procedure performed by a clinician was still 40.0% less likely to result in an adverse event than one performed by a nurse. These results
were not corroborated in the active surveillance system. Of interest, participants whose circumcision was performed by a clinician were also 25.0% less likely to report for a followup visit than those whose procedure has been performed by a nurse (95% CI: 0.65-0.86).
When we limited the analysis to participants whose provider had performed at least 100 male circumcisions, the association between provider type (clinician or nurse) and the odds of developing an adverse event was no longer significant (OR: 0.41; 95% CI: 0.08-2.1). Thus, nurses and clinicians with sufficient experience can provide equivalent services.
In the adjusted active surveillance system model, receiving a high dose of anaesthesia was a risk factor for developing an adverse event. Inexperienced providers tend to administer a higher dose of anaesthesia because they take longer to complete the procedure.
Furthermore, more time may be required and more anaesthesia may be given if a complication arises during the procedure. In the adjusted active surveillance model, undergoing circumcision during a high-volume month was protective against developing an adverse event. This finding, which was surprising, may have resulted from the presence of an increased number of circumcision providers in the field and related improvements in access to care and in internal quality control of services. In our study population, 26.3% of participants were classified as having high arterial blood pressure. Medical male circumcision can generate temporary physical or emotional stress and raise blood pressure, but hypertension was not associated with the incidence of adverse events in either the clinic or the active surveillance system.
Historically, post-discharge surveillance has consisted mainly of direct observation by a trained professional and participant self-report. 15 In our study we used both methods, each of which has inherent strengths and weaknesses. For example, the low rate of follow-up visit attendance (45.1%) impacted the validity of the results from the clinic system, and although interviewing active surveillance system participants 28 to 45 days after circumcision allowed us to assess non-adverse-event indicators of interest (e.g. the resumption of sexual activity), the time was not ideal for assessing adverse event history.
Although the overall per cent agreement between the clinic and the active surveillance systems was high with respect to the detection of adverse events, the two systems succeeded in detecting events of different types. For example, the majority of the 56 clients who were classified as having an adverse event only by the active surveillance system reported having some disfigurement (n = 19) or an adverse event belonging to the "other" category (n = 17).
Since such adverse events went nearly undetected by the clinic surveillance system, we conclude that they may not be detectable at the one-week follow-up visit. This highlights the importance of providing mechanisms for continued provider-client interaction after the one recommended follow-up visit. Most of the 16 participants classified as having an adverse event only by the clinic surveillance system had either an infection (n = 6) or local swelling (n = 5), both of which are easily detectable during the week following male circumcision.
VMMC has been implemented on a large scale. Thus, it is important to monitor those adverse events identified by the provider as well as those perceived by the client, since satisfied clients are the most effective mobilizers for the national VMMC programme. A VMMC programme that plans to rely solely on passive surveillance for monitoring must promote attendance at follow-up visits, even though clients who experience an adverse event are more likely to attend a follow-up visit than those who experience no adverse event, according to our findings. The adverse events most often identified by both surveillance systems were bleeding (a mean of 6.7 days after circumcision) and infection (a mean of 9.0 days after circumcision), which lends support to a recommended follow-up appointment one week after surgery.
Our study has limitations. Fewer than half of the participants returned for follow-up, and since adverse events were rare, some cell sizes were small (less than 20 participants).
Since our research staff members were stationed at study facilities, clinic system surveillance data may be more complete than they would have been without this level of staffing. Most circumcisions were performed by Nyanza Reproductive Health Society members, who provide VMMC services on a full-time basis. Thus, these findings may not be generalizable to programmes staffed mostly by providers not fully dedicated to VMMC services.
In summary, ensuring that providers have ample experience before performing unsupervised circumcisions is the most important factor in reducing incident adverse events and in decreasing the duration of the procedure during widespread provision of VMMC services. With proper training and experience, nurses can perform male circumcisions as safely as physicians. As VMMC programmes continue to be launched, developing a robust and comprehensive adverse event surveillance system is crucially necessary to identify factors that could improve the safety of procedures. 
